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[Name of Document] Specification 
[Title of the Invention] 

Surface modification process of quartz glass crucible and surface modified 
crucible 

[CLAIM] 

What is claimed is 

[Claim 1] A surface modification process of a quartz glass crucible, 
said process comprising, 

coating a mixed solution containing a metal organic acid salt or a metal 
carbonate and a partial hydrolyzate of an alkoxysilane oligomer, (hereafter 
referred to as the sihca sol liquid), on the surface of the quartz glass crucible 
for pulling up silicon single crystal, and 

baking said crucible coated with said silica sol liquid to form a transparent 
coated layer comprising a metal oxide on said surface of the crucible. 

[Claim 2] The surface modification process of the quartz glass 
crucible according to Claim 1, 

wherein the metal organic acid salt or the metal carbonate is a metal 
organic acid salt or a metal carbonate of any one of magnesium, calcium, 
strontium, or barium. 

[Claim 3] The surface modification process of the quartz glass 
crucible according to Claim 1 or Claim 2, 

wherein the silica sol liquid is coated on the whole or the desired part of the 
surface of the quartz glass crucible to be baked. 

[Claim 4] The surface modification process of the quartz glass 
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crucible according to Claim 1, Claim 2, or Claim 3, 

wherein the silica sol liquid comprises 0.01 to 15 weights % of metal content 
in the mixed solution, which is calculated as an oxide, and 0.5 to 30 
weights % of silicon concentration, which is calculated as Si02. 

[Claim 5] The surface modification process of the quartz glass 
crucible according to any one of fi-om Claim 1 to Claim 4, the process further 
comprising, 

coating the silica sol hquid on the surface of the crucible to be dried, and 
baking said dried silica sol hquid at a temperature 350 to 600*0 for 10 to 
120 minutes. 

[Claim 6] A quartz glass crucible for pulling up silicon single crystal, 
comprising a transparent coated layer on the surface of said crucible, 
wherein said coated layer comprises a metal oxide dispersed in a silica 
matrix 

[Claim 7] The quartz glass crucible according to Claim 5, 
comprising the transparent coated layer formed by the process according to 
any one of firom Claim 1 to Claim 5. 

[Claim 8] The quartz glass crucible according to Claim 6 or Claim 7, 
wherein the metal oxide in the transparent coated layer is a crystalhzation 
promoter. 

[0001] 

[BACKGROUND OF THE INVENTION] 
[Field of the Invention] 

The present invention relates to a surface modified quartz glass 
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crucible and its modification process, in which the crucible is used in the 
process of pulling up silicon single crystal used for a semiconductor, etc., 
from molten silicon. 

[0002] 

[Discussion of the Background] 

As one of the causes that a dislocation is formed in silicon single 
crystal in the pulling method, it has been known that cristobaUte formed on 
the inside surface of the quartz glass crucible is released into the molten 
silicon. As a counter measure to this problem, it is also known that a process, 
in which a crystallization promoter is coated on the inside surface of the 
crucible to crystallize the inside surface of the crucible at an early stage of 
pulling up. (e.g. U.S. PAT. No. 5,976,247, Japanese Pat. No. 3,100,836) In 
these inventions, a barium hydroxide solution is coated on the surface of the 
quartz glass crucible, and the coated barium hydroxide reacts with carbon 
dioxide in air to form barium carbonate on the surface of the crucible. The 
barium carbonate is adhered on the surface of the crucible by drying it and 
is used as the crystallization promoter. 

[0003] 

[Problems to be solved] 

However, there are the following problems in said quartz . glass 
crucible, which is surface treated by the conventional methods, and solving 
them is required. That is, (A) since the barium carbonate powder adhered on 
the quartz glass crucible by the conventional methods is not fixed with any 
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binder, the adhesion strength of the powder is very weak. Therefore, the 
barium carbonate powder on the surface of the crucible is easily abraded 
and fallen off when contacted with the handling instruments and the 
persons. Such abrasion occurs in the production process of the crucibles, 
such as product inspection, conveyance, and insertion to a carrying case, etc. 
It also occurs in the user's process, in which the quartz glass crucible is set 
on the carbon susceptor in the crystal puller. As a result, its adhesion state 
becomes to non-uniform spot-like. Furthermore, there is also a possibility 
that worker health is negatively affected because the barium carbonate 
powder is scattered when the carrying case is opened. (B) Since the barium 
carbonate powder is only adhered on the surface, the adhesion strength of 
powder is very weak and the nucleation efficiency of the crystal is low, and 
so that the adhesion amount of barium carbonate becomes easily excessive. 
(C) If the crucible is washed, the barium carbonate powder adhered on the 
surface of the crucible is washed away. It is then impossible to wash the 
crucible after the adhesion of the barium carbonate powder to the use of the 
crucible, even if some contaminants adhere on the surface of the crucible. 

[0004] 

The present invention solves these problems of the conventional 
quartz glass crucible and provides the surface modified quartz glass crucible 
having a transparent coated layer, which is not abraded when contacted 
with the handling instruments or the persons and has sufficient durability, 
and also provides its surface modification process. 
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[0005] 

[Means to be solved] 

That is, the present invention relates to the following surface 
modification process of the quartz glass crucible. 

[l] A surface modification process of a quartz glass crucible, the 
process comprising, 

coating a sihca sol liquid comprising a metal organic acid salt or a metal 
carbonate and a partial hydrolyzate of an alkoxysilane oUgomer, on the 
surface of the quartz glass crucible for pulling up silicon single crystal, and 
baking said crucible coated with said silica sol liquid to form a transparent 
coated layer comprising a metal oxide on said surface of the crucible. 

[0006] 

In addition, said surface modification process of the present 
invention includes the following processes. 

[2] The surface modification process of the quartz glass crucible, 
wherein the metal organic acid salt or the metal carbonate is a metal 
organic acid salt or a metal carbonate of any one of magnesium, calcium, 
strontium, or barium. 

[3] The surface modification process of the quartz glass crucible, 
wherein the silica sol liquid is coated on the whole or the desired part of the 
surface of the quartz glass crucible to be baked. 

[4] The surface modification process of the quartz glass crucible, 
wherein the silica sol liquid comprises from 0.01 to 15 weights % of metal 
content in the mixed solution, which is calculated as an oxide, and from 0.5 
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to 30 weights % of silicon concentration, which is calculated as Si02. 

[5] The surface modification process of the quartz glass crucible, 
further comprising, 

coating the coated sihca sol hquid on the surface of the crucible to be dried, 
and 

baking said dried silica sol Hquid at a temperature from 350 to 600^ for 10 
to 120 minutes. 

[0007] 

Moreover, the present invention also relates to the following quartz 
glass crucible. 

[6] A quartz glass crucible for pulling up siUcon single crystal, 
comprising a transparent coated layer on the surface of said crucible, 
wherein said coated layer comprises a metal oxide dispersed in a silica 
matrix 

In addition, the quartz glass crucible of the present invention 
includes the following crucibles. 

[7] The quartz glass crucible, 
comprising the transparent coated layer formed by the process according to 
any one of from said [l] to [4]. 

[8] The quartz glass crucible, 
wherein the metal oxide in the transparent coated layer is a crystaUization 
promoter. 
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[0008] 

The surface modified quartz glass crucible of the present invention 
has a hard and transparent coated layer, in which the metal oxide is 
dispersed in a silica matrix, on the surface of the crucible, and it is 
preferable that the metal oxide comprises a metal which acts as the 
crystaUization promoter. In addition, since said coated layer becomes to the 
integrated structure to the surface of the crucible, it is very stable and has 
high durability. Therefore, there is no abrasion when only contacted with 
the instruments or the persons, and no problem that the adhesion state of 
the metal oxide in the coated layer becomes to non-uniform. In addition, 
even if the coated layer is comparatively thin, the surface of the crucible is 
crystallized uniformly during puUing up the single crystal, and so that a 
dislocation free ratio of siHcon can be increased. Moreover, regarding the 
conventional quartz glass crucible having the adhered barium carbonate 
powder on its surface, since all barium carbonate powder is washed away by 
the acid washing, it is impossible to wash the crucible even if some 
contaminants are contained. However, regarding the surface modified 
quartz glass crucible of the present invention, since contaminants adhered 
on the crucible in the coating process can be removed by acid washing, the 
mixing of the contaminants to the silicon single crystal can be prevented as 
much as possible. 

[0009] 

[DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS] 

Hereafter, the present invention is explained concretely according to 
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the preferred embodiment. 

The surface modification process for producing the quartz glass 
crucible of the present invention is a formation process of the transparent 
coated layer on the surface of the crucible, in which the metal oxide is 
dispersed in the silica matrix. Moreover, the quartz glass crucible of the 
present invention has said transparent coated layer. In addition, said metal 
oxide comprises a metal except for silicon, arid it is preferable that said 
metal acts as the crystalUzation promoter of the quartz glass. Concretely, 
the metal is for example, magnesium, calcium, strontium, or barium etc. 

[0010] 

The transparent coated layer, in which the metal oxide is dispersed 
in the silica matrix, can be formed by coating the mixed solution (the silica 
sol liquid) containing the metal organic acid salt or the metal carbonate and 
the partial hydrolyzate of alkoxysilane oligomer on the surface of the 
crucible, and by baking this coated silica sol liquid. 

lOOll] 

Said silica sol hquid, which is a precursor liquid forming the 
transparent coated layer, is the mixed solution which contains the metal 
organic acid salt or the metal carbonate and the partial hydrolyzate of an 
alkoxysilane oligomer as an indispensable components. The metal organic 
acid salt or the metal carbonate is for example a salt of magnesium, calcium, 
strontium, or barium, which is useful metal as the crystallization promoter 
to promote the formation of the cristobalte layer on the surface of the quartz 
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glass crucible. In addition, it is available that said silica sol liquid also 
contains a stabilizing reagent. 

[0012] 

The most preferable one in said metal organic acid salts is 
carboxylate. As an acyloxy group to form the carboxylate, the materials 
indicated by the general formula CnH2n+iCOO, in which n is integer of 3 to 7, 
are preferable. Concretely, the acyloxy group derived from n-butyric acid, 
a-methyl butyric acid, iso-valeric acid, 2-ethyl butyric acid, 2,2-dimethyl 
butyric acid, 3,3-dimethyl butyric acid, 2,3-dimethyl butyric acid, 3-methyl 
pentanoic acid, 4-methyl pentanoic acid, 2-ethyl pentanoic acid, 3-ethyl 
pentanoic acid, 2,2-dimethyl pentanoic acid, 3,3-dimethyl pentanoic acid, 
2,3-dimethyl pentanoic acid, 2-ethyl hexanoic acid, or 3-ethyl hexanoic acid, 
etc., can be used suitably. 

[0013] 

Moreover, when a p-diketone, such as 2,4-pentanedione i= 
acetylacetone), 3-methyl-2,4-pentanedione, 3-isopropyl-2,4-pentanedione, or 
2,2-dimethyl-3,5-hexanedion etc., is mixed with said carboxylate solution, 
the preservation stability of the liquid is improved. 

[0014] 

It is preferable that these organic acid salts are dissolved in an 
organic solvent. As the suitable organic solvent, an ester and / or an alcohol, 
or the mixed solvent, in which the carboxylic acid is further mixed with an 
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ester and / or an alcohol, can be used. As the ester of the organic solvent, 
ethyl acetate, propyl acetate, n-butyl acetate, sec butyl acetate, tert-butyl 
acetate, iso-butyl acetate, n-amyl acetate, sec-amyl acetate, tert amyl 
acetate, and iso-amyl acetate, are preferable. 

[0015] 

As an alcohol, methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 
2-butanol, iso butyl alcohol, 1-pentanol, 2-pentanol, 2-methyl-2-pentanol, 
and iso-amyl alcohol, etc., are suitable. In alcohols, an alkoxy alcohol, i.e., 
the alcohol containing an ether group, is included. For example, 
2-methoxyethanol and l-methoxy-2-propanol can be used. 

[0016] 

As the other example of a usable solvent, a ketone, such as acetone, 
methylethylketone, and methylisobutylketone, and a hydrocarbon, such as 
toluene, xylene, hexane, and cyclohexane, can be used. It is possible that a 
mixture of two or more kinds of these organic solvents is used. The solution 
containing a carboxylate of a metal is mixed with the solution containing the 
partial hydrolyzate of alkoxysilane oligomer, to provide the predetermined 
composition, and the silica sol liquid is prepared. The silica sol liquid has 
high wettability to the surface of the crucible. The final hard and 
transparent silica coated layer, in which the metal oxide is dispersed in the 
silica matrix, can be formed by baking to dehydrate said silica sol liquid 
after the organic components are removed completely. 



12 



Application JNo. • ZUUi-iSi»ucJZ 



[0017] 

The partial hydrolyzate of alkoxysilane oligomer used in the present 
invention is obtained by the process in which alkoxysilane oligomer is 
hydrolyzed under the controlled reaction condition, and after the alcohol is 
removed, each generated OH group is bonded together to form the silica sol. 
As the suitable starting material, one or more silane compounds having at 
least one, preferably more than two, and more preferably more than three 
alkoxyl groups, can be used. Concretely, tetraethoxy silane (= ethylsilicate), 
tetrapropoxy silane, me thy Itriethoxy silane, dimethylmethoxy silane, 
phenyltriethoxy silane, chlorotrimethylsilane, various kinds of silane 
coupling reagents, such as vinyltriethoxy silane, 

y-aminopropyltriethoxy silane, etc., can be mentioned. Ethylsilicate, which is 
the cheapest and to be easily hydrolyzed, is preferred. 

[0018] 

These alkoxysilanes are used as the hydrolyzate, which is partially 
hydrolyzed beforehand. Said partial hydrolysis is carried out in the presence 
of an acid catalyst, i.e., an inorganic acid, such as hydrochloric acid, or an 
organic acid, such as p-toluenesulfonic acid, and water. Then, the reaction 
conditions, including, whether using the acid catalyst or not, the amount of 
acid catalyst, the amount of the water for hydrolysis in the reaction system, 
the reaction temperature and the reaction time, are adjusted to obtain the 
partial hydrolyzate of alkoxysilane oligomer, in which the degree of 
polymerization is controlled. 
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[0019] 

It is preferable that said partial hydrolysis is carried out with 
heating and stirring in an organic solvent containing water. In addition, it is 
preferable that the reaction temperature is 30 to 60*C, more preferably 35 to 
SS'C, and the reaction time is 2 to 5 hours. 

[0020] 

Regarding said silica sol liquid, the metal organic acid salt or the 
metal carbonate and the partial hydrolyzate of an alkoxysilane oligomer are 
mixed and prepared, and so that the amount of metal content becomes 0.5 to 
10 weight %, which is calculated as an oxide, and the silicon concentration 
becomes 0.5 to 30 weight %, which is calculated SiOa. When the metal 
content is less than 0.5 weight %, which is calculated as an oxide, a repeat 
coating is necessary to form the desired devitrification layer thickness on 
the surface of the crucible. On the other hand, when the content is more 
than 15 weight %, it is difficult to make a stable mixed solution. Moreover, 
when the silicon concentration is less than 0.5 weight %, which is calculated 
as Si02, the strength of the formed coated layer is not sufficient, and when 
said concentration is more than 30 weight %, it is difficult to make the 
stable mixed solution. It is preferable that the silicon concentration is 0.5 to 
30 weight %, more preferably 1 to 20 weight %. 

[0021] 

As the method for coating said silica sol liquid on the surface of the 

crucible, a spray method and a dipping method, etc. can be used, and the 
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coating method is not limited. In addition, the area, in which the silica sol 
liquid is coated on the surface of the crucible, is not also limited. Moreover, 
it is available that said silica sol liquid is coated on the whole or an 
arbitrary area of the surface of the crucible. 

[0022] 

The silica sol liquid is coated on the surface of the crucible and is 
baked. It is suitable that the baking temperature is 350 to GOO'C, and the 
baking time is 10 to 120 minutes. 

[0023] 

[EXAMPLE 1] 

Preparation of a partial hydrolyzate of alkoxysilane ohgomer 

Two kinds of a partial hydrolyzate of alkoxysilane oligomer of ( I ) 
and (H) were prepared at the mixing ratios of raw materials and the 
reaction conditions, which were shown in Table 1. 

[EXAMPLE 2] 

Preparation of the silica sol liquid 

(2-1) 13.8g of 2-ethylhexanoic barium (CvHisCOOaBa was dissolved 
in a mixed solvent of 60g of iso-amyl alcohol and 26.2g of iso-amyl acetate to 
make 5 weight % solution, which was calculated as BaO. Next, 20g and 50g 
of partial hydrolyzates of alkoxysilane oligomer shown in Table 1(1), were 
added and mixed with 20g, 40g, and 50g of said solutions respectively. 
Furthermore, in the liquid A and the hquid B, I butanol was added to adjust 
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the concentrations. Then, the sihca sol liquids of A, B, and C shown in Table 
2 were prepared. 

(2-2) 24.0g of 2-ethylbutyric barium (C5HnCOO)2Ba was dissolved in 
a mixed solvent of 70g of l^butanol and 6g of acetylacetone, and refluxed to 
make 10 weight % solution, which were calculated as BaO. Next, 40g and 
80g of the partial hydrolyzates of alkoxysilane ohgomer shown in Table 1 
(II) were added to mix with 20g and 50g of said solutions respectively. 
Furthermore, in the liquid D, iso-amyl alcohol was added to adjust the 
concentration. Then, the sihca sol hquids D and E shown in Table 2 were 
prepared. 

(2-3) 0.5g of barium carbonate powder having an average particle 
size of lOjam was dispersed in lOOg of the partial hydrolyzate of alkoxysilane 
oligomer shown in Table 1 (I) to prepare the sihca sol Uquid F in Table 2. In 
the reaction vessel for the preparation, the equipment having the stirring 
propeller was used to prevent the precipitation of the barium carbonate 
powder. 

[0024] 

[EXAMPLES] 

Formation of the coated layer 

Five kinds of the silica sol liquids, (A-E), which were shown in Table 
2, were sprayed to coat the surface of the quartz glass crucibles for silicon 
single crystal production, and the coated layers were formed by baking the 
coated liquids at 850*^ for 30 minutes, wherein the crucibles were made by 
an arc fusion with rotating mold method and generally used in the process 
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to produce the crucible for pulling up a single crystal. In addition, said 
quartz glass crucibles were surface treated by using the liquids F and H. 
Sample No. 6 was made by spaying the silica sol liquid F to coat the surface 
of the crucible to be baked at 850*^ for 30 minutes. In addition, Sample 
No.8 was made by a conventional coating method. That is, the liquid H, in 
which barium hydroxide octahydrate was mixed with water, where the 
mixing ratio is 3g of barium hydroxide octahydrate in 11 of water, was 
sprayed on the crucible to heat at 300*C with carbon dioxide gas. 

[0025] 

[EXAMPLE 4] 

Strength of the coated layer 

The mechanical strength of the coated layer formed by using the 

liquids A, F, and H, which were shown in Table 2, was evaluated according 

to the specification standard (JIS 5600-5-4). This evaluation was carried out 

by a scratching method using the marketed pencil (the trade name was 

Mitsubishi UNI). The results were shown in Table 3. Regarding the coated 

layer formed by using the liquid A of the present invention, since the layer 

was glassy, it is impossible to give a scratching with the pencil. Moreover, 

regarding the coated layer formed by using the liquid F, although the 

barium carbonate powder was contained, the silica component became a 

binder, and so that it is impossible to give the scratching with the pencil. On 

the other hand, regarding the coated layer formed by using the conventional 

liquid H, the scratching is given by using a pencil of 6H hardness. From 

these results, it was confirmed that the coated layer of the present invention 
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had remarkable strpnger mechanical property than the conventional layer. 
[0026] 

[EXAMPLE 5] 
Washing test 

Washing tests were carried out on the quartz glass crucibles, (No.l, 
6, 8) in Table 2, which were coating treated. The tests were conducted on the 
following processes, (l) Washing with pure water and drying. (2) Washing 
with pure water and drying after washing with dilute hydrochloric acid. The 
adhesion amounts of the residual barium on the surface after each washing 
test, are shown in Table 3. Regarding the quartz glass crucible of the 
present invention (No.l), barium was not removed, and the adhesion 
amounts were not changed in the water washing process (l) and the acid 
washing process (2). Moreover, regarding the quartz glass crucible of the 
present invention (No.6), although the form of barium was the barium 
carbonate, which was same as the conventional one, since the biarium 
carbonate was dispersed in the silica sol liquid and coated and baked, the 
coated silica became the preservation layer. Thus the barium was not 
removed in the washing process (l) and the acid washing process (2) like 
said quartz glass crucible (No.l). On the other hand, regarding the 
conventional quartz glass crucible (No. 8), since the barium carbonate was 
only adhered on the surface, the barium was washed away a little in the 
water washing process (l), and the barium carbonate was washed away 
completely in the acid washing process (2). 

18 



Application iNo. • zuui-cJiouoz 



[0027] 

[EXAMPLE 6] 

Test of the dislocation free ratio 

The pulhng up tests of the sihcon single crystal were carried out by 
using quartz glass crucibles having the transparent coated layer (No.l to 
No.5), and the quartz glass crucible, in which the barium carbonate powder 
was dispersed in the partial hydrolyzate of the alkoxysilane oligomer (No.6). 
The dislocation free ratio of the pulled crystal (the yield of single 
crystallization of silicon), are shown in Table 4. Moreover, for the 
comparison, the same pulling up tests were also conducted on the quartz 
glass crucible (No.7), in which the surface was not modified and there was 
no crystallization promoter layer on its surface and on the quartz glass 
crucible (No. 8), in which the crystallization promoter layer was formed by a 
conventional method. The dislocation free ratio of the single crystal are 
shown in Table 4. In addition, the thickness of the crystallization layer of 
the crucible after pulhng up the single crystal was measured. The thickness 
of the crystallization layers is also shown in Table 4. As shown in the results 
in Table 4, regarding the quartz glass crucible of the present invention, the 
crystallization layers having the sufficient layer thickness were formed on 
the surface of the crucible also with comparatively a little amount of barium, 
and the high dislocation free ratio could be obtained. On the other hand, 
regarding the quartz glass crucible of the comparative example No.7, the 
dislocation free ratio was remarkably low. Moreover, regarding the quartz 
glass crucible (No. 8), in which the barium carbonate was adhered by the 
conventional method, when this quartz glass crucible had the almost same 
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adhesion amount of barium as used of the present invention, the 
crystallization layer after pulling up the single crystal was not presented in 
the crucible, and the dislocation free ratio was remarkably low. 

[0028] 

[EXAMPLE 7] 

Other crystallization promoter 

2-ethylhexanoicacid salts of Mg, Ca, and Sr were respectively added 
to the partial hydrolyzate of alkoxysilane oligomer shown in Table 1 (I) to 
prepare the silica sol liquids. These silica sol liquids were sprayed to coat 
each quartz piece having 10 cm square, and the transparent coated layers 
were formed by baking said coated liquid at 500*^^ for 30 minutes. The 
adhesion amount of the metal, which was calculated as an oxide, were 
adjusted so that it became l|ag / cm2. Next, these pieces were put into an 
electric furnace to bake at 1450"^ for 5 hours in argon gas of 1 atmospheric 
pressure. Then, it was confirmed that the uniform crystallization layers 
could be formed by also using all said metals. 
[0029] 



[Table 1] 





Olygomer ( I ) 


Olygomer (11) 


Starting Raw Material and 
Used Amount 


Ethylsilicate40 150g 


Ethylsilicate40 67.5g 


Solvent and Used Amount 


Ethylalcohol 400g 


Ethylalcohol 1.1g 


Catalyst and 
Used Amount 


60% concentration of Nitric acid 
0.6g 


60% concentration of Nitric acid 
0.7g 


Additional Amount of Water 


45g 


36-4g 


Reaction Temperature and 
Time 


45°C • 3hours 


45°C • 3hours 


Silica Solid Part 


About 10 wt % 


About 25 wt % 
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[0030] 
[Table 2] 





Silica Sol Liquid 




No. 










BaO 


SiOj 


Adhesion Amounts 




Kinds 


Olygomer 


Solutions Containing Metal Salt 


Dilution Alcohol 


Amounts 


Amounts 


of Metal Oxide 


1 


A 


( I ) 20g 


5 wt % Calculated as BaO 20g 


Butanol 60g 


1 


2 


0.6 


2 


B 


(I) 20g 


5 wt % Calculated as BaO 40g 


Butanol 40g 


2 


2 


0.8 


3 


C 


( I ) 5g 


10 wt % Calculated as BaO 50g 




5 


5 


0.9 


4 


D 


( n ) 40g 


10 wt % Calculated as BaO 50g 


Isoamyl 1 0g 


5 


10 


5.2 


5 


E 


( n ) 80g 


10 wt % Calculated as BaO 20g 




2 


20 


9.5 


6 


F 


( I ) lOOg 


Barium Carbonate Powder 0.5g 




0.4 


10 


2.1 


7 


G 


Non-Surface Treatment 


0 


8 


H 


Conventional Ba Carbonate Powder 


0.9 



(Note) ( I ) and ( n ) of Olygomers are same as Table 1. Amounts of BaO and SiOj is wt %, 



Isoamyl is Isoamyl Alcohols, Adhesion Amounts of Metal Oxide is jig / cm* 
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[Table 3] 



Sample No. 


1 


6 


8 


Silica Sol Liquids 


A 


F 


H 


Hardness of Coated Layer 








(Hardness by Pencil) 


No Cracking by 6H 


No Cracking by 6H 


Cracking given by 6H 


Adhered Metal Amount after 








Washing 








Non-washing 


0.6 


2.1 


0.9 


(1) Amounts After Water Washing 








and Drying 


0.6 


2.1 


0.8 


(2) Amounts After Acid Washing, 




2.1 




Water Washing, and Drying 


0.6 


0 



(Note) Metal amounts is ^ig / cm' 
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[Table 4] 



No. 


1 


2 


3 


4 


5 


6 


7 


8 


Dislocation fi-ee ratio % 


73 


75 


77 


76 


71 


73 


35 


40 


Crystallization Layers After 
Pulling up // m 


80 


77 


83 


95 


90 


103 


0 


0 
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[Effect of the Invention] 

A quartz glass crucible has a transparent coated layer containing the 
crystallization promoter on the surface, and since said coated layer forms an 
integrated structure to the surface of the crucible, there is no abrasion and 
the adhesion state of a crystallization promoter, such as barium, contained 
in the coated layer, is kept uniformly. Therefore, cristobalite formation on 
the surface of the crucible during pulling up the single crystal is completely 
uniform, and so that an excellent dislocation free ratio can be obtained. 
Moreover, there is no problem that the coated layer is abraded when 
contacted with the handling instruments or the persons, in the working 
process after making the crucible, during from the inspection to the 
shipment, and the working process in the user side of the crucible. In 
addition, there is no conventional problem that the fine barium carbonate 
powder is scattered whenever the case containing the crucible is opened. 
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[Document Name] Abstract 
[Summary] 

[Object] A process for modifying the surface of a quartz glass crucible and a 
surface modified quartz glass crucible produced by the process are provided, 
wherein the crucible has a transparent coated layer containing a 
crystallization promoter on the surface. 

[Means to be solved] A mixed solution containing a metal organic acid salt 
and a partial hydrolyzate of alkoxysilane oligomer is coated on the surface of 
the crucible to be baked to obtain a quartz glass crucible having a 
transparent coated layer, in which a metal oxide is dispersed in a silica 
matrix. 

[Drawing] No 
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